1 Contamination of fresh produce with pathogenic Escherichia coli, including Shigatoxigenic E.
Importance (149 / 150 word)

21
Fresh produce is an important vehicle for STEC transmission and experimental evidence 22 shows that STEC can colonise plants as secondary hosts, but differences in the capacity to 23 colonise occur between different plant species and tissues. Therefore, an understanding of the 24 impact of these plant factors have on the ability of STEC to grow and establish is required for 25 food safety considerations and risk assessment. Here, we determined whether growth and the 26 ability of STEC to form biofilms in plants extracts could be related to specific plant metabolites 27 or could predict the ability of the bacteria to colonise living plants. Growth rates for sprouted 28 seeds (alfalfa and fenugreek) exhibited a positive relationship between plant extracts and living 29 plants, but not for leafy vegetables (lettuce and spinach). Therefore, the detailed variations at 30 the level of the bacterial isolate, plant species and tissue type all need to be considered in risk 31 assessment.
Introduction STEC internalisation is dependent on multiple factors including the plant species and tissue
56
(67) and how plants are propagated (16, 17) . Specificity in the response of STEC to different 57 plant species and tissue types has been demonstrated at the transcriptional level (8, 34) .
58
Therefore, there is a need to take into account specificity of the STEC-plant interactions that 59 could impact risk. log (cfu g -1 ) on alfalfa sprouts and 3 log (cfu g -1 ) on fenugreek sprouts, between 0 and 2 dpi.
193
Viable counts for isolate ZAP1589 were generally lower on both sprouted seeds compared to
194
isolate Sakai, but still reached 6.00 ± 0.253 log (cfu g -1 ) on alfalfa 2 dpi.
195
Internalisation was also assessed since endophytic behaviour is a feature of E. coli O157:H7 internalised in leaf apoplast) or lettuce (leaves, roots) from low inoculation dose (10 3 cfu ml -1 )
217
(67) these were non-significant since growth over the 10 day period was minimal or completely 218 constrained, with a high degree of plant-to-plant variation. Growth rate estimates were not 219 made when a high starting inoculum was used since the colonisation levels decreased over 220 time (Fig. 4 ).
221
Comparison of the in planta and extract growth rate estimates were made for both E. coli 222 O157:H7 isolates on sprouted seeds (at 25 C) or in spinach and lettuce (at 18 C) ( The potential for food-borne bacteria to grow in fresh produce food commodities is a key 232 consideration in quantitative risk assessment. Factors that influence bacterial growth are the 233 plant species and tissue, the bacterial species or isolate, and the surrounding environment.
234
The growth potential of a bacterial population consists of proportion of the growing sub-235 population and the suitability of the environment for growth, and it provides a quantitative 236 description of probability of growth (20) into the stx1-deletion construct and tetracycline resistance gene from pTOF1-TcR (63) was cloned into 355 the stx2-deletion construct. The plasmids were transformed into isolate H110320350 for allelic 356 exchange to delete stx1 and stx2 sequentially, these were confirmed absent by PCR using primers: 357 stx1 (5'-ATAAATCGCCATTCGTTGACTAC and 5'-AGAACGCCCACTGAGATCATC) and stx2 358 (5'-GGCACTGTCTGAAACTGCTCC and 5'-TCGCCAGTTATCTGACATTCTG). Motility of isolate
359
ZAP1589 and isolate H110320350 was tested on motility agar (0.7 %), and presence of the H7 'sprout extract' media was generated by adding each group of constituents ( washings or for sprouts. 10 ml plant extract samples were used for GC-MS analysis as 399 described in Methods SM4. Lysates were prepared for HPLC described previously by (62).
400
Growth rate parameterisation
401
Representative edible species associated with food-borne outbreaks were used: two leafy 402 greens (lettuce, spinach) and two sprouted seeds (fenugreek, alfalfa). Plant tissues used 403 represented edible, non-edible and internalised tissues of the leafy greens from total lysates of 404 leaves or roots, and apoplastic washing recovered from leaves, respectively, while total sprout 405 lysates were used to represent edible sprouts. A panel of five E. coli was assessed (Table 1) optical densities derived from a plate reader (as described by others (20).
412
Bacterial growth rates
413
Bacterial growth rates were determined using a pre-warmed plate reader Bioscreen C plate 414 reader (Oy Growth Curves Ab Ltd, Finland), set to different temperatures. The E. coli isolates 415 were grown as described above, adjusted to an OD600 of 0.05 in PBS (~ 2.1 x 107 cfu ml -1 ) and 416 inoculated at a 1:10 dilution in plant extracts (at 1:20 w/v in dH2O) or defined media (Table 3) , 1 was applied so that all growth curves could be modelled using DM-Fit (Methods SM1).
426
Secondary modelling was applied for different temperature as described (Methods SM2). A 2-way ANOVA was carried out for multiple comparisons (isolate / extract type) in Prism v6
428
(GraphPad Software Inc., USA).
429
Biofilms 430 Bacterial biofilms were measured as described previously (42 diluted to OD600 of 0.02 (equivalent to 10 7 cfu ml -1 ) in SDW, which partially submerged pots.
446
After 1 h inoculation, the pots were transferred to the growth chamber until sampling. Sprouts were incubated with SDW without bacteria.
451
Lettuce and spinach roots were sampled at 0, 5, 10 and 14 days post infection (dpi Table S1b and Table S1c , respectively.
716
Figure 2
Plant extract metabolomics and grouping
717
The 60 assigned metabolites from all species and tissues are separated into amino acids, Total and internalised counts for E. coli O157:H7 in planta.
729
The number of E. coli isolate ZAP1589 recovered from inoculation (10 7 cfu ml -1 ) of (A) spinach minimum counts were manually levelled to the direct plating detection limit of 10 cfu g -1 on d1.
737
Figure 5
Comparison of in planta and extract growth rates for E. coli isolates Sakai and
738
ZAP1589
739
Growth rates for in planta estimates were plotted against estimates for plant extract extracts,
740
on a Log10 cfu day -1 basis for E. coli isolates Sakai and ZAP1589, normalised per g fresh 741 weight for plant tissues or per ml for plant extracts. Estimates for sprouted seeds (alfalfa -Alf; 742 fenugreek -Fen) were obtained for growth at 25 C, and at 18 C for spinach (Sp.) or lettuce
743
(Lt.) tissues (apoplast -A; leaves -L; roots -R).
744
Supplemental Figure 1 Manual correction of growth rate misfits in DMFIT.
745
Example of a correction with E. coli isolate JHI5039 grown in lettuce leaf lysate, 18 °C. A)
746
DMFIT could not fit a non-linear curve on data (n = 193) with a decrease in the stationary 747 phase (R 2 adj = 0.001). B) Data was cut off manually (n = 49) to achieve better fits (R 2 adj = 748 0.996). A complete list of fits including data points are in Supplemental Table 3 . 
